A vectorcardiographic study using the Schmitt-Simonsen (SVEC-II) method was done in 92 patients with mitral and aortic acquired valvular disease in which left ventricular hypertrophy and the valvular lesions were proven by means of right and left heart catheterization, operation, or autopsy, or by all methods. Significant differences were found among groups with aortic insufficiency, aortic stenosis, and mitral insufficiency. The magnitude of the 0.01 and 0.02-sec and maximal spatial vectors and the voltages of the Qx R, as well as R, waves were greatest in the group with aortic insufficiency. The greatest voltages of the 0.03-sec and 0.04-sec vectors were found in patients with aortic stenosis. In this study the smaller voltages after the 0.03-sec vector were found in the group with mitral insufficiency, and these voltages were significantly increased when aortic insufficiency complicated the picture. Groups with aortic insufficiency and mitral insufficiency, or aortic stenosis or insufficiency and mitral stenosis showed abnormal inferior orientation of the middle and terminal forces, which were explained upon the basis of the concomitant right ventricular hypertrophy. The authors believe that with the aid of the corrected orthogonal system of Schmitt and Simonsen (SVEC-III) the clinician will be able not only to make a more accurate evaluation of left ventricular hypertrophy, but also in many instances will find considerable assistance in arriving at a specific clinical diagnosis.
IN 1952 Cabrera and associates1' 2 first stated that systolic and diastolic overloading of the heart produced different types of hypertrophies thereby producing different types of electrocardiographic patterns. Although this has been a useful approach to the diagnosis of certain congenital and acquired heart diseases, Cabrera's postulates have not been generally accepted, in part because of the lack of evidence correlating anatomic and electrocardiographic findings. 3 Since the introduction of corrected orthogonal vectorcardiograms in 1955, several authors5 9 have demonstrated the merit and the superiority of this type of recordings over the common type of electrocardiographic lead systems used.
We initiated this study of the instantaneous vectors using the corrected orthogonal vectorcardiogram to ascertain whether they might provide a more accurate way to verify Cabrera's postulates.
Thus, it is the purpose of this paper to report on the vectorcardiographic studies on 92 patients with acquired mitral and aortic valvular disease, each proven by hemodynamic Circulation, Volume XXXV, January 1967 ACQUIRED VALVULAR DISEASE studies and confirmed by surgical operation or autopsy.
Methods From the patient records of the University of Minnesota Medical Center, 92 patients were selected for this study. Table 1 shows their distribution by sex and age. The criteria for selecting the patients for this study were as follows: (1) clinical suspicion of a specific valvular lesion causing left ventricular hypertrophy, (2) data from left and right heart catheterization, (3) cardioangiography, (4) confirmation of these findings by operation, and (5) pathological examination whenever the patient died as a result of the operation or later. Pathological examination was made by Dr. Jesse Edwards on all patients who succumbed. Patients who had hemodynamic and or any clinical evidence of lesions like tricuspid stenosis or pulmonary regurgitation or stenosis were not included in this study.
Electrocardiograms and vectorcardiograms were taken within 1 week before or after catheterization, but always before surgery. The vectorcardiographic method used was that described by Schmitt and Simonson,5 and the vector figures were taken with the aid of a Sanborn vectorcardiographic amplifier and oscilloscope. Pictures of the loops in the three planes were taken with a Polaroid camera. Simultaneous recordings of the scalar leads, X, Y, and Z were taken at a speed of 50 mm/sec. The magnitudes of the instantaneous vectors were measured simultaneously in the three leads every 10 msec. Special attention was paid to the point where the earliest activity could be detected in any lead. Whenever the duration of QRS exceeded 0.12 second, the patient was considered to have a ventricular conduction disturbance and was not included in this study. Most of our patients were in heart failure and receiving digitalis when the vectorcardiograms were taken, which made it impossible to study the S-T segments and the T waves.
Measured data were recorded on punch cards and this information was fed into an electronic computer (Control Data 1604) in order to obtain the following data:
1. Magnitude of each instantaneous vector: Regarding azimuth the zero degree was left lateral, +900 was anterior, -900 was posterior and ±+1800 was right lateral. Regarding elevation the zero was considered to be located at the horizontal level, -90°the vertical inferior and +90' the superior vertical. In each one of the instantaneous vectors the mean and standard deviation were calculated and, in order to confirm the results the t test was also done.
Cardioangiography was performed and interpreted by Amplatz'0 and Sellers and associates" with the criteria outlined elsewhere.
As can be seen in Table 2 shows the magnitude of the voltages of the scalar leads X, Y, and Z in the five groups. Lead X. In this lead the Q wave was deepest in the group with AI (I). This is statistically significant as compared with any of the other groups. No significant differences were found among the other groups, and it also can be noticed that the Q wave was smallest in the group complicated with mitral stenosis (V).
The patients suffering from aortic insufficiency (group I) also showed the greatest voltage in lead X with significant differences as far as the R wave was concerned, being smallest in the group with associated MI (IV). When mitral insufficiency was accompanied by aortic insufficiency, the voltages were increased.
The group which included the patients with complicating MS (group V) showed the deepest S wave. The smallest S wave occurred in the group with AS (II). Lead Y. In lead Y the Q and R waves were not statistically different in any of the groups. However, the depth of the S wave was considerably decreased in the group complicated with mitral stenosis (V) and supposedly with right ventricular hypertrophy. 17 Lead Z. In lead Z the R wave in the group with AI (I) was greatest. This difference was statistically significant as compared with the one with AS (group II). Regarding the S wave in lead Z, both groups with mitral val-vular involvement had smaller S waves than the patients with pure aortic valvular disease. Table 3 shows the direction of inscription of QRS loops in each plane. No significant differences were found among the various groups. Table 4 shows the magnitude, azimuth, and elevation of each one of the initial vectors. Initial 0.04-Sec, and Maximal Spatial Vectors 0.01-Sec Vector. The largest magnitude was found in the group with AI (I). The difference was found to be statistically significant when compared with the group with AS (II), and the group with MI (group III) but not with the group with AI and MI (IV), nor with the group complicated with MS (V). The differences of azimuth and elevation of this 0.01-sec vector were not statistically significant among the groups studied. 0.02-Sec Vector. The magnitude of the 0.02sec vectors was found to be statistically significantly higher in the group with AI (I) than in the group with MI (III). Regarding the azimuth of the 0.02-sec vectors, significant differences were found between Al (group I) and AS (group II), AS (group II) and MI (group III), and AI and the group complicated with MS (group V). It can be easily appreciated that this vector in aortic stenosis tends to be orientated more posteriorly than in the rest of the groups studied.
Direction of QRS Loops and Study of the Vectors
Differences of elevation were not significant. ACQUIRED VALVULAR DISEASE 0.03-Sec Vector. One of the most important findings in the group of 0.03-sec instantaneous vectors is that the greatest magnitude was found with AS (group II), as compared with the other four groups studied, this finding being statistically significant when compared with the group with Al (I) and the group with MI (III). No significant differences were found in the groups so far as elevation was concerned.
0.04-Sec Vector. Table 5 shows the 0.04-sec vector and the maximum spatial vector. It can be seen that the magnitude of the 0.04sec vectors with Al (group I) and AS (group II) were highly different from that of the group with MI (III). In the 0.04-sec vectors the azimuth did not show any statistical difference. However, the elevation of the vectors in the group complicated with MS (V) showed that this vector points more inferiorly than in the other groups; this finding was statistically significant when compared with the group with AS (II).
Maximal Spatial Vector. The magnitude of the maximal spatial vector was very different among the groups studied. Highly significant differences were found between Al (group I) and MI (group III), AS (group II) and MI (group III), MI (group III) and Al with MI (group IV), AS (group II) and the group complicated with MS (V), and Al (group I) and the group complicated by MS (V). In the azimuth of the maximal spatial vector, several significant differences were found, and table 5 shows that the vectors in group III continued to be more posteriorly orientated than in the other groups. The elevation of the maximal vectors shows that, in the group with MI (III) and the groups complicated with MS (V), the vector continued to point more inferiorly than in the other groups.
Terminal Vectors Table 6 indicates the magnitude, azimuth, and elevation of the terminal vectors.
-0.03-Sec Vector. The magnitude of this vector in the groups with Al (I), AS (II), and AI with MI (IV) was again greater than in the groups with MI (III) and with associated MS (V). These differences were significant. No significant difference was found in the azimuth of the -0.03-sec vector. The only significant difference in elevation in this ACQUIRED VALVULAR DISEASE -0.03-sec vector was that the group complicated with MS (V) again showed vectors pointing lower than those in the other groups.
-0.02-Sec Vector. The magnitude of the -0.02-vectors was least in the groups with MI (III) with no other group showing a significant difference. In the azimuth no significant difference was found. The elevation of the -0.02-sec vectors showed that the vectors in Al (I) were pointing higher than the group with AS (II) and that the vectors in group V, namely, the group complicated with MS, did show the lowest pointing vectors.
-0.01-Sec Vector. Magnitudes were greater in group I than in groups III and IV. No significant differences were found in the azimuth or elevations of this vector. Figure 1 shows in each of the groups studied the trend of the instantaneous vectors. From this figure one can appreciate that the magnitude of the spatial vectors is much less in the group with MI (III) and the group with complicating MS (V), and that whenever MI is complicated by Al (group IV) the strength of these vectors tend to be greatly increased. Another interesting finding was that the greatest magnitudes of the 0.01-sec and 0.02-sec as well as the maximal spatial vectors were found in the group with Al (I); whereas the greatest strength of the 0.03-sec and 0.04-sec vectors was found in the group with AS (II). Figure 2 shows the azimuth and elevation in each of the groups studied. An important finding here was that the group with MI (III) and the group complicated with MS (V) showed, as previously stated, the lowest orientated vectors of the entire series. On the other hand, the vectors in AS (group II) showed posterior orientation through the entire depolarization. Figure 3 is a graphic representation of the average (mean) loop in each one of the groups studied. This also confirms the findings described in the preceding paragraphs. Table 7 shows the electrocardiographic findings in the groups studied in these series.
Although all cases in which any ventricular conduction disturbance was evident were excluded from this study, the QRS interval was the longest in the group with Al (I), being significantly different statistically from the group with MI (III) and the group complicated with MS (V).
Concerning the frontal axis, the group with AS (II) showed mild left axis deviation, this finding being less marked in the group with Al (I). The MI group (III) showed no important alterations. Figure 3 Average (mean) loop in each of the groups studied.
Discussion
It should be emphasized that, in most of the previous electrocardiographic and vectorcardiographic studies in patients with left or right ventricular hypertrophy, the basis for the selection of the patients has most frequently been a clinical one entirely, and also in most of these studies any type of disease which could produce left or right ventricular hypertrophy was included, rather than specific types of disease. In this series all the patients were proven to have left ventricular hypertrophy and the specific lesions and overloads as indicated.
Cabrera and associates1' described the vectorcardiographic and electrocardiographic patterns of systolic and diastolic overloading of the left and right ventricle. They stated that in the cases of left diastolic overload there was an increase of the voltage in the Q loop which was displaced to the right and forward; an increase in the voltage of the R loop, which was displaced backward and to the left, and that the J point was displaced forward and to the right, while the T loop On the other hand, in cases of systolic overload the Q loop became smaller or disappeared. The R loop voltage was increased and became displaced backward, the S loop disappeared or became straight, and the T loop moved forward and toward the right. The Q loop (or initial vector) in our groups with Al (I) and AS (II) tends to confirm his postulates. Significant differences also were found in the magnitude of 0.01-and 0.03sec vectors between the group with Al (I) and the group with AS (II) which are considered to be the typical diastolic and systolic overloading patterns of the left ventricle. The bigger 0.01-sec vector occurred in the group with Al (I) and bigger magnitude of 0.03sec vector in the group with AS (II). As far as the scalar leads were concerned, the deeper Q wave in lead X and the higher R wave in lead Z were found in the group with Al (I) as compared with the group with AS (II). As shown in the criteria by Wilson and col-leagues12 for left ventricular hypertrophy, the initial R waves seen in right precordial leads are usually smaller than normal, and Bryant13 postulated that this could be explained as a result of incomplete left bundle-branch block. The fact that the QRS interval is the longest in the group with Al (I) in which the Q wave in lead X and the R wave in lead Z and the magnitude of the 0.01-and 0.02-sec vectors are larger than in any other of the groups does not agree with this premise.
At this point it is important to mention the study by Hugenholz and Gamboa14 9pn congenital aortic stenosis in which they demonstrated that the magnitude of the 0.01-and 0.02-sec vectors was decreased in left ventricular hypertertsion. Their explanation was-that the increase in the number of cells in the inner layers of the left ventricular outflow tract tends to produce a greater than normal contribution of electrical forces (of such hypertrophied cells) to the over-all electrical activity. Moreover, since these forces are generated approximately simultaneously with the septal forces and as long as they are directed in opposite ways, they will lead to a partial cancellation Circulation, Volume XXXV, January 1967 and reduction of these vectors. This explanation seems to be adequate for the findings in the group with AS but not for those of the group with AI. A possible explanation of the direction and magnitude of the initial vectors in the group with Al as compared with those in AS could be as follows: The dilatation of the left ventricle resulting from aortic regurgitation could lead to a relative delay in activation of the free wall of the left ventricle with noncancellation of the septal forces, thus resulting in the already described 0.01and 0.02-sec vectors. In the AS group the activation of the free wall of the left ventricle occurs comparatively earlier. This is corroborated by the azimuths of all the instantaneous vectors which tend to be more posteriorly oriented in the group with AS (II) and also by the fact that the QRS interval is longest in the group with AI (I).
As can be seen in figure 4 the loop in MI is smallest and the voltages present were lowest in the vectors later than 0.03 sec. The vectors in this condition were directed more anteriorly and laterally and also more inferiorly than in the other groups. As can be seen in figure 1 , the voltages in MI were greatly increased when aortic insufficiency complicated the, picture, this finding 1)eing statistically significant. As shown in talble 7 routine electrocardiograms showed left venitricular hypertrophy in 100% of the cases of aortic stenosis and 96%, of the group with Al and 70% of the group with MI when the criteria of Sokolow andi Lyon5--were used. Thus it should be noticed that there are a nuimber of differences in the instantaneous vectors found in the group with Al (I) as compared with the group with MI (III), although both are considered to presenit the pattern of diastolic overloading of the left ventricle.
Bentivoglio and associates1" studied the electrocardiograms of 65 patients xvith proven mitral insufficiency by the criteria of Sokolow and Lyon. They fouind a normal ventricular complex in 50% and left ventricular hypertrophy in 30%. One possible explanation for this observation is the well-known autopsy finding of a less severe degree of hypertrophy of the left ventricle and the concomitant right ventricular hypertrophy. Significant statistical differences between the group with Al (I) and the group with Al and MI (IV) in our series were fouind in the magnitude and elevation of the maximal vector which was smaller and more inferiorly directed in the group xvith Al and MI. This xas also suiggested by the mean QRS axis in the frontal plane which was found to be less than 600 in only five of 15 cases of Al and MI whereas it was more than 60°in only three out of 26 cases of aortic insufficiency. The azimuth of 0.04-sec vectors and maximal vectors were also fouind to be significantly different with more posterior direction in the cases of AI and MI (group IV) as compared with cases of MI (group III). The azimuth of every instantaneous vector did show a more posterior direction in AS (group II) when compared with Al (group I) and the other groups. Circulation, VolIume XXXV, ]Jninuary 1967 MI showed the smallest voltages after 0.03sec vectors and all the instantaneous vectors vere directed more inferiorly and more laterally than in any of the other groups except grouip V with complicating MS. This could be explained on the basis of vectorcardiographic stuidies done in mitral stenosis in which even mild degrees of right ventricular hypertrophy, not detectable in the routine 12-lead electrocardiogram, produced alterations in the primary, middle, and terminal forces. Thus, the 0.03, 0.04, and -0.03sec vectors were consistently abnormally orientated downward, and the terminal forces Figure 7 Vectorcardiogram in a patientt with AS, J.,., female, 51 years old. Pressure: L.V. 225/0, aorta 125/60, Gradient 100 mm Hg. Notice the absence of a Q in lead X, posteriorly disp)laced loop in the horizontal plane, dee) S wave in lead Y, and QRS axis at -30'. FCC; sh'otws sinuts rhythmn, LAD, and(I LVHI (typical sylstolic overloadirng of the left ven-tricle). were directed to the right. These chaniges were of course more pronovunced in the cases with moderate and severe degrees of right ventricular hypertrophy. 17 In our study we did not find significant correlations between magnituide of the spatial vectors and pressure gradients similar to the ones described by Hugenholz and Gamboa1 " for congenital heart disease, but it must be remembered that congenital heart disease differs greatly from our group with acquired heart disease in the following points: (1) The group with congenital heart disease studied had only a single lesion.
(2) The patients with congenital heart disease when first seen usuially are not in con-gestive heart failure. (3) In the group that we were studying, the incidence of coronary disease or myocardial ischemia, or both, is great as has been pointed ouit by many other authors. Figure 4 showed the scattergram of the magnitude of the maximal vector and -0.03-sec vector in the two groups. In this figure may be seen a method for differential diagnosis between the group with Al and MI (IV) and the group with MI (III). If the differential lines are drawn on 1.0 mV for the -0.03-sec vector and on 1.4 mV for the maximal spatial vector, onily two of the 23 cases of MI would be included in the group with MI and Al. 
